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We have performed inelastic neutron scattering measurements of the long-wavelength spin wave 
excitations of both ordered and disordered FeT2Pt2s single crystals below their critical temperatures, 
Tc= 5 10 and 375 K, respectively. The spin waves followed the expected E =Dq” dependence, and 
the temperature-dependent spin stiffness D decreased as (T/T,)‘!*, as expected for an isotropic 
ferromagnet. The extrapolated zero-temperature spin stiffness was D= 98(4) meV @  and 
107(l) meV p for the disordered and ordered alloy, respectively. These values are significantly 
higher than the zero-temperature stiffness as determined by magnetization measurements. 

INTRODUCTION 

An understanding of the Invar effect has been suggested 
via recent band-structure calculations and experiments, 
which indicate that the magnetic moment of certain 3d alloys 
is unstable with respect to a change in volume.’ The Invar 
effect originally referred to a magnetically induced suppres- 
sion of the thermal contraction, first observed in disordered 
Fe,sNi,s. FesPt alloys also display the Invar the.rmal expan- 
sion anomaly, with the added advantages that Fe is the sole 
magnetic component in the alIoy, and that the Invar effect 
occurs in both atomically ordered and disordered FesPt 
(hereafter referred to as o-FesPt and d-FesPt , respectively). 
The thermal expansion anomaly associated with the mag- 
netic ordering is much stronger than in Fe,Niss, particularly 
for d-FeTzPt,, where the thermal expansion coefficient 
changes from 1X10-’ K-i at -40 K above Tc to 
-3.5X lo-’ K-’ at ~30 K below Tc.* 

Another manifestation of the Invar effect is the discrep- 
ancy that exists between the magnetic excitation spectrum 
determined directly by neutron scattering and that inferred 
from magnetization measurements. For isotropic 
ferromagnets,3 of which these cubic alloys are good ex- 
amples, the dispersion relation is quadratic in the small-q 
regime, E = Dq”, where D is the spin wave stiffness. The 
leading order temperature dependence of the magnetization 
is 

M(T)=M(O)(l -BT3’“), (1) 

where in conventional spin wave theory 

(2) 

The magnetization at T=O is M(0); kB is the Boltzmann 
constant; and 5 is the Riemann zeta function 

‘)Also at the University of MaryIand, College Park, MD. 

[ 5(3/2) = 2.6 121. The dynamic interaction between spin 
waves, which arises from the fact that multiple spin waves 
are not e.igenfunctions of the Heisenberg Hamiltonian, de- 
creases the spin wave energies and lifetimes. As a result, the 
temperature dependence of the spin stiffness is predicted to 
decrease to leading order as Ts/2, 

D(T)=D(O)(l-AT5”). (3) 

It is thus possible to relate the spin wave stiffness to bulk 
magnetization measurements [using Eq. (ij]. In all Invar sys- 
tems, there appears to be a substantial discrepancy between 
the spin wave stiffness as determined by bulk magnetization 
and by neutron scattering. In particular, the magnetization 
decreases more rapidly with increasing temperature than 
would be predicted by counting magnons as observed by 
neutron scattering. We have been studying a number of tnvar 
and non-Invar systems in an effort to resolve this 
discrepancy.“‘s 

Previous inelastic neutron scattering work on o-FeTZPtzs 
(Ref. 6) showed a 20% discrepancy between the decrease in 
magnetization calculated from applying spin-wave theory to 
the neutron data and the experimentally determined bulk 
magnetization. In this paper, we present the results of unpo- 
larized inelastic neutron scattering measurements of the mag- 
netic excitations in ordered and disordered Fe,,Ptzx. We find 
that there is indeed a significant difference between the spin 
wave stiffness as determined by bulk techniques and neutron 
scattering, for both the ordered and disordered alloy. 

EXPERIMENT 

The scatte.ring measurements were performed at the 
BT-2 triple-axis spectrometer of the NIST Research Reactor 
with 21’-IO’-lo’-20’ collimation before and after the 
monochromator and analyzer, respectively, and a pyrolytic 
graphite (PG) filter before. the monochromator to remove 
higher-order wavelength contamination. The incident neu- 
tron energy was fixed at 13.7meV (2.444 A). Both the 
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FIG. 1. Constant -y  scans  for d i so rdered  FeTzPtZs  about  0 0 0  at r o o m  tempera -  
ture wi th m o m e n t u m  transfer y = O *  1 2  A - ’ (top), 0 .08 A - ’ (midd le) ,  a n d  
0 .06 it-’ (bot tom).  T h e  so l id  l ines a re  best  fits to the data  of L .orentz ian-  
b r o a d e n e d  m a y n o n s  a n d  a n  elast ic centra l  peak  convo lved  wi th the instru-  
men ta l  reso lu t ion funct ion. T h e  scans  a re  l imi ted in  ene rgy  by  the k inemat ic  
constra ints o n  scat ter ing about  mo.  

monoch roma to r  a n d  the ana lyzer  u s e d  the P G  0 0 2  ref lect ion. 
In this conf igurat ion,  the ene rgy  reso lu t ion is 0 .33  m e V , full 
w id th  at hal f  m a x i m u m  (FWIIM),  the long i tud ina l  4  reso lu-  
t ion in  the scat ter ing p l ane  is m O .0 1  A - ’ F W H M , a n d  the 
vert ical reso lu t ion is =  0 .22  A - ’ F W H M . 

T h e  samp les  w e r e  approx imate ly  2 0 - g  s ing le  crystals of 
FenPt ,?a.  A tomical ly o rde red  a n d  d i so rdered  Fe7aPtz8  ha\ re  
Cur ie  tempera tu res  of TC-  5  1 0  a n d  3 7 5  K , respect ively.  
T h e  tempera tu re  was  var ied  be tween  4 5 0  a n d  1 0 0  K  us ing  a  
c losed-cyc le H e  refr igeratosr.  Al l  the measu remen ts  w e r e  
m a d e  wel l  a b o v e  the premartensi t ic  t ransi t ion that occurs  in  
F e 7 1 P t 2 8  be low  T -70  K . 

W e  m e a s u r e d  the ene rgy  d e p e n d e n c e  of the scat ter ing 
cross-sect ion at m o m e n tum transfers in  the r a n g e  
0 . 0 5 6 q = ~ O . 1 7  A - ‘. T h e  inelast ic scans w e r e  m a d e  abou t  
the 0 0 0  posi t ion,  wh ich  g ives severa l  advan tages  to the m e a -  

s u r e m e n ts. First, th e  m a g n e tic exci tat ions c a n  b e  o b s e r v e d  
without  a  signi f icant contr ibut ion f rom latt ice excitat ions. 
Second ,  w e  h a v e  ava i lab le  the greatest  poss ib le  intensity for 
the e.xcitat ions a r o u n d  000 ,  w h e r e  the m a g n e tic fo rm factor 
is unity. A t the 1 1 1  rec iproca l  latt ice point ,  for instance,  the 
m a g n e tic fo rm factor for F e  is O .4,7 a n d  thus the scat ter ing 
intensity wil l  b e  =  1 6  %  of that obse rved  abou t  000 .  Final ly,  
w e  wil l  b e  ab le  to m a k e  a  direct  compar i son  of these resul ts 
to p l a n n e d  po la r ized  b e a m  measu remen ts  abou t  000 ,  wh ich  
can  b e  m a d e  o n  these samp les  on ly  a r o u n d  0 0 0  d u e  to con-  
straints o n  the or ientat ion of the samp le  in  the requ i red  ap -  
p l ied  m a g n e tic f ield.’ Never the less,  there  a re  severa l  d isad-  
van tages  to per fo rming  measu remen ts  abou t  000 .  First, the 
m a x i m u m  ach ievab le  ene rgy  t ransfer increases l inear ly  wi th 
m o m e n tum transfer,  E  k =  ?  2kig,  whereas  the sp in  w a v e  en -  
e rgy  increases quadrat ica l ly  wi th 4. Thus9  for a  par t icu lar  
sp in  stiffness, w e  a re  l imi ted in  the r a n g e  of m o m e n tum 
transfer for wh ich  w e  m a y  observe  exci tat ions (see  Fig. 1).  
Second ,  the requis i te  smal l  scat ter ing ang les  necessi ta te t ight 
angu la r  resolut ion,  a n d  wi th the c o m b i n e d  constra int  of a  
restr ict ive ene rgy  r a n g e  w e  a lso  requ i re  g o o d  ene rgy  reso lu-  
tio n , th u s  r educ ing  th e  s igna l  cons iderab ly .  

R E S U L T S  A N D  D I S C U S S I O N  

A t e a c h  te .mperature,  w e  m e a s u r e d  the ene rgy -dependen t  
scat ter ing cross-sect ion for severa l  m o m e n tum transfers. 
Typical  data,  s h o w n  in  Fig. 1  for the d i so rdered  sample ,  re-  
vea l  severa l  character ist ic  fe a tures.  T h e  two peaks  a t fin i te  
neu t ron  ene rgy  ga in  a n d  loss a re  the m a g n o n  ann ih i la t ion 
a n d  creat ion peaks.  T h e  centra l  elast ic p e a k  is d u e  main ly  to 
m a g n e tic d isorder  scatter ing. A s  d iscussed above ,  da ta  can-  
not  b e  taken over  the full extent  of the m a g n o n  peaks  d u e  to 
k inemat ic  constraints.  T h e  da ta  w e r e  fit to a  doub le -  

0.5 
19.  

D i s o r d e r e d  
0  T/T.&.27 (100  K )  

0  T lTs=0.30 (300  K )  

=  T/Ta=O”8 (323  K )  

FIG, 2. M e a s u r e d  d ispers ion  re la t ions for m a g n o n s  a r o u n d  0 0 0  in  d i so rdered  
( top)  a n d  o rde red  (bot tom) FeTzPt, .  T h e  so l id  l ines a re  the best  fit of the 
data  to a  quadra t ic  d ispers ion  wi th a  sma l l  gap,  E ( q )  =  D  y ’ +  I?,, . 
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FIG. 3. The spin wave stiffness as a function of (T/Tc)‘!* for disordered 
(0) and ordered (0) Fe,,Pt=. The solid lines are linear best fits to the data: 
the slopes are the same, within experimental error, for both the ordered and 
disordered alloy. 

Lorentzian spectral-weight function and an elastic central 
peak, which were numerically convolved with the triple-axis 
spectrometer resolution function8 For the purposes of the 
convolution, since the q-resolution is finite, the spin wave 
dispersion was assumed to he quadratic in q and the broad- 
e.ning was assumed to increase as q4, according to spin wave 
theory; fits attempted with a quadratic dependence of the 
broadening on 4 were of poorer quality. In the data shown in 
Fig. 1, we obtained a spin stiffness D(300 Kj=66.3(2) 
meV @  and a line broadening I’(300 K, 0.08 A-*)=0.04 
meV HWHM. This intrinsic width is considerably smaller 
than the instrumental resolution. 

From the fits to the measured scattering cross-sections, 
we have plotted the excitation energy versus momentum 
transfer for each temperature (see. Fig. 2). The measured dis- 
persions were then fit to a quadratic dispersion with a 
pseudo-gap that is due to dipolar interactions, 
E(q,T)=D(T)q’+&. Obviously, from the quality of the 
fits, our assumptions in the fitting procedure of a quadratic 
dispersion are well founded. The temperature dependence of 
the spin-wave stiffness is shown in Fig. 3, plotted against 
(T/Tc)? The decrease in stiffness is consistent with a lin- 
ear behavior over the range 0.27<TlTc<0.9 1, as indi- 
cated by the fit. The extrapolated zero-temperature spin stiff- 
nesses are 98(4) meVAi” and 107(l) meV,&’ for d-Fe72Pt28 
and o-FeT2Pt2s, respectively. The reduced temperature depe.n- 

dence of the spin stiffness scales with D(O) for both alloys; 
the slopes of the fits in Fig. 3 are the same within experi- 
mental error. Thus, while the disorder causes a decrease in 
the magnetic ordering temperature, the spin dynamics of 
the alloys appears to follow the same Heisenberg-like behav- 
ior. The present D(T) values for o-FeT2Pt2s, as determined 
by neutron scattering, are in agreement with the room 
temperature neutron scattering spin stiffness 
[0(300 K) = 85 meVA’lg reported previously for o- 
Fe72,7Pt27,3. No previous results have been reported for the 
disordered system. 

The zero-temperature spin stiffnesses for both the or- 
dered and disordered alloys are significantly higher than the 
corresponding values determined from magnetization mea- 
surements, DFrd(()j= 74 meVA2 and D;;d(O j -89 
meV A’. These values are about 20% less than the spin wave 
determinations, which is about the same relative difference 
as reported in previous measurements” on o-FeT2Pt2s. The 
20% discrepancy between the inelastic neutron and bulk 
magnetization spin stiffnesses is significantly less than the 
factor of two discrepancy that is observed for crystalline 
Fe65Ni35,h as well as other Invar systems such as amorphous 
Fes6Br4,” despite the fact that the thermal expansion anomaly 
is much stronger in Fe7?Pt2s. Further work with polarized 
neutrons may allow us to characterize the nature of the ex- 
citations in these systems.’ 
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